Background: This study aimed to investigate the association between body mass index standard deviation scores and sleep duration in a school-age population in Seoul. Methods: By using the secondary data of a sample survey (n=25,182) of the Student Health Examination in 2010, the proportions of those who were overweight (World Health Organization definition of body mass index >1.0 standard deviation score) were identified. The association of overweight with sleep duration was also explored after adjusting for age and for meat and vegetable intake, by using multiple logistic and linear regression analysis. Results: Only 23.2% of participants slept 8 hours or more per day. The proportions of overweight participants were 34.2% of boys and 19.5% of girls. Significant odds ratios for overweight according to sleep duration (based on ≥8 sleeping hours) were 1.28 (for less than 6 hours), 1.31 (for 6-7 hours), and 1.28 (for 7-8 hours) in boys; and 1.19 (for 6-7 hours) and 1.17 (for 7-8 hours) in girls. Furthermore, significant regression coefficients for standard deviation scores (based on ≥8 sleeping hours) were 0.218 for less than 6 hours, 0.149 for 6-7 hours, and 0.099 for 7-8 hours in boys, and 0.137, 0.101, and 0.079 in girls, respectively. Conclusion: To prevent and manage overweight, it is necessary to develop a school health policy for ensuring optimal sleep duration in school-age population.
INTRODUCTION
and low cognitive performance compared to a child with more sleep. 8 Moreover, fewer hours of sleep are reported to be related to the obesity and body mass index (BMI) as well as quality of life. 
METHODS

Research materials and subjects
A cross-sectional descriptive study was conducted to identify the association of sleep time with overweight World Health Organization (WHO) defined as well as BMI SDS in the Seoul school-age population. This study used the secondary data obtained from the 2010 Seoul School Health Examination Standard Survey that was based on school health examination guidelines. The subjects in this study included 25,797 students in elementary, middle, and high school, who were selected using a random sampling method based on the scale of the population (number of schools, number of classes) and local conditions under consideration. Sex and age-based BMI and BMI SDS were calculated from data for 25,182 subjects aged between 6 and 18 years old, representing 97.6% of the source population.
Data collection and ethical considerations
Raw data of the present study were obtained using a School 
Measured variables
From the raw data, variables used in the present study included 
Analysis method
Descriptive statistics and the Chi-square test were used to confirm the proportion of those with WHO-defined overweight in specific age and sex groups. Odds ratios (ORs) for WHO-defined overweight according to specific sleep time were calculated in male and female subjects, using multiple logistic regression analysis that 
RESULTS
Subject characteristics
Of the 25,182 study subjects, 13,382 (53.1%) were male and 11,800 (46.9%) were female students. Subject's ages ranged from 6 to 18 years old. Six-year-old and 18-year-old students comprised 3.8% and 3.2% of total subjects, respectively, and they were relatively less represented than other age groups. Weekly intake of meat was reported as none by 4.5% of subjects and 7.1% reported daily intake. In addition, 4.2% reported no weekly consumption of vegetables excluding kimchi, whereas 32.1% reported daily consumption.
Less than 6 hours of sleep was reported by 18.3% of all students.
Eight hours or more 8 hours of sleep was reported by 23.2% of all students (Table 1) .
Proportion with WHO-defined overweight according to sex and age
Respective BMI values of males and females in different age groups based on the WHO standards were as follows: 17.0, 17.3 in 6-year-olds, 21.7, 22.7 in 13-years-olds, and 24.2, 24.5 in 16-yearolds. The percentages of male and female students classified as overweight were as follows: 33.5% and 20.6% of 6-year-olds, 35.7%
and 19.6% of 13-year-olds, and 22.5% and 13.1% of 16-year-olds (Table 2) . (Table 3) .
ORs for overweight according to sleep time
Sleep time-specific regression coefficients for BMI SDS
The quantitative impact of sleep time on BMI SDS was assessed using regression coefficients in males and females, controlling for age and meat/vegetable intake. In male students, the regression coefficients were 0.218 (P < 0.0001) for less than 6 hours of sleep (Table 4) .
DISCUSSION
Human health is not only influenced by genetics, but also by health behaviors. In addition, specific health risk behaviors are reinforced by various social and environmental factors. Individuals are under pressure from having to adapt to ever-changing systems because of excessive competition, and try to achieve better performance than others by reducing the time spent sleeping. Especially in Korea, it is expected that school-age students will reduce sleep time to achieve more in school and that adolescents will reduce sleep time to develop habits that ensure a successful future. 17 However, these studies excluded elementary school students, which makes it difficult to assess the entire population of students. Moreover, studies assessing the influence of sleep using the standard value of BMI SDS have been limited. Thus, this study was conducted among elementary, middle, and high school students in Seoul, a major metropolitan city in Korea, to analyze odds ratios for sleep time-specific WHO-defined overweight and regression coefficients for BMI SDS.
Theoretically, BMI SDS 1.0 corresponds to 84.1% of the standard distribution. 18 The present study defined values more than BMI SDS 1.0 as overweight, consistent with the WHO definition.
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As a result, the proportion with overweight in males and females was 33.5% and 20.6% among 6-year-olds, 35.7% and 19.6% among 13-year-olds, and 22.5% and 13.1% among 16-year-olds. Overall, the rate of overweight was higher in males. This result was in agreement with previous research conducted in middle and high school students showing that there is a higher frequency of overweight obesity in boys than in girls. 19 However, a different interpretation is required because of conflicting results presented by previous studies, showing that BMI is higher in girls than in boys and that a higher age-based increase in BMI occurs in girls compared to boys. In males, the regression coefficient for BMI SDS with irregular intake of vegetables compared to daily intake of vegetables was low at -0.114 (P< 0.01). This result conflicts with the report that BMI increases with high-protein, low-fiber diets, and that vegetarians have lower BMI values than carnivores. 21, 22 In females, the regression coefficient was low with irregular intake of vegetables compared with that for daily intake, but this was not statistically significant. The difference between these findings is due to the fact that this is a cross-sectional study and it was not possible to completely control the confounding variables associated with BMI. Overweight studies that consider Korea's economy (meat is more expensive than vegetables), as well as the possibility of inadequate protein intake in vegetarians, should be performed. 24 Thus, using a threshold of 8 hours or more of sleep in middle or high school in Korea may be reasonable.
Fourth, the data used in this study included variables known to be associated with overweight such as exercise and career-related stress factors. However, responses regarding these items on the survey questionnaire used in elementary, middle, and high schools showed discrepancies, which prevented the use of these variables as confounding factors. This could limit the explanation of the relationship between sleep time and the state of being overweight.
Nevertheless, this can still partially provide evidence for the need to emphasize the importance of sleep time in management policies for school-age overweight and strategies for school health promotion.
In addition, this study used actual measurements of height and weight with a standardized measuring tool and method to calculate BMI. Therefore, over-or underreported values are less likely, which can be considered a strength of this study.
In conclusion, sleep time is independently related to WHO-defined overweight and BMI SDS after controlling for confounding factors. However, only 23.2% of students sleep for 8 hours or more.
Therefore, health policies encouraging and ensuring adequate sleep in the youth should be actively established. Further studies are needed to the association of meat intake with BMI SDS as well as WHOdefined overweight reported in male population.
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